ABSTRACT -In order to compare the effects of addition of fluorine (F) in diets differing in protein content on the urinary F excretion, blood profile and thyroid hormones, 30 crossbred calves (6-8 months) initially exposed to different protein levels were allotted into six groups in a 3 × 2 factorial design. The factors included three different levels of protein: normal (NP; 100%), low (LP; 75%), and high (HP; 125%) besides two levels of supplemental fluorine (as sodium fluoride) at 0 or 200 mg/kg diet. The animals were fed a wheat straw-based diet for 210 d. Feeding NP diets decreased urinary fluoride excretion, measured at 42 d intervals, compared with LP diets. Blood levels of hemoglobin and haematocrit, measured at 70 d intervals, were not affected by either protein or fluorine levels, but period differences were apparent. Serum levels of urea, alkaline phosphatase and F showed greater increase in groups supplemented with F than in those without it; however, serum calcium was higher in the latter. Serum tri-iodo-thyronine and thyroxine levels were higher in HP and NP fed calves than animals on LP diets, respectively. The animals fed LPF have higher urinary F as compared with animals fed NPF, but were not different from the group fed HPF. The blood and serum variables indicated that there is no extra protection against susceptibility to F toxicity upon feeding of 25 percent higher protein than requirements.
Introduction
Chronic fluoride (F) toxicity (fluorosis) is a global health problem and is endemic in different parts of India (Choubisa, 2001; Chaudhary et al., 2008; Raghavachari, 2008; Chaudhary et al., 2009 ). Various compounds have been tried to alleviate fluorosis viz. calcium, phosphorus, aluminum, sodium chloride, lysine, diethylstilboestrol, oxytetracycline, vitamin C, molybdenum, copper, iron, boron, tungsten, vanadium, selenium, glutamine, cystine and glucocorticoids (NAS, 1974; Parker et al., 1979; Wheeler & Feel, 1983; Bharti et al., 2008) . Dietary stress is known to affect skeletal fluorosis especially malnutrition, low protein, calcium and vitamin C (Wheeler & Feel, 1983; He et al., 2008; Wang et al., 2008) . Reduction of protein intake increases the amount of F retained in the body (Junkkarinen & Kreula, 1976; He et al., 2008; Wang et al., 2008 ). An elevated deposition of F in bone was also reported in guinea pigs fed low protein diets (Parker et al., 1979) . Conversely, a depressive effect of high protein diets on the F retention primarily because of enhanced urinary excretion has been reported in rats (Boyde & Cerklewski, 1987) . Tooth wear has been shown to be beneficially influenced by protein supplementation in industry-fluorosed goats (Wang et al., 1994) . Results on similar lines suggesting a reduction in F deposition in bones of pigs fed high protein diets as compared with low protein diets was also reported (Rys, 1973) . A series of studies conducted with mice (Chinoy et al., 2005a,b; Chinoy et al., 2006) , rats (He et al., 2008; Chen et al., 2009 ) and rabbits have put forth the importance of dietary protein on the susceptibility to varied adverse impacts of fluorosis.
However, these beneficial effects of protein have not been explored in detail with livestock. Dietary protein levels as such have been shown to affect performance of crossbred calves (Lohakare et al., 2006) and diets low in protein may accentuate F retention and toxicity and retard growth in calves (Lohakare et al., 2010; 2011) .
Another important aspect of F toxicity is its influence on thyroid metabolism. There are reports that high dietary F affects thyroid functioning, which is reflected in decreases in serum tri-iodo-thyronine (T 3 ) and thyroxine (T 4 ) levels (Cinar & Selcuk, 2005; Zhan et al., 2006) . In a recent study, Wang et al. (2009) demonstrated that excessive ingestion of F by rats damages the structure of thyroid gland and alters thyroid hormones levels in serum. Further, and more importantly, the authors concluded that dietary protein levels play key roles in thyroid dysfunction induced by F. This has got immense relevance to farm animal nutrition in tropics where there is a perpetual deficiency of quality feed 100% of the protein requirements, whereas calves in LP and HP groups received 25% lower and higher CP than the requirements, respectively. The three groups of calves were fed three differently compounded isoenergetic concentrate mixtures having different crude protein (CP) concentrations. The animals were fed the respective concentrate mixture (Tables 1 and 2) , with or without F, along with wheat straw to supply varied amount of crude protein (CP) but with apparently similar level of metabolizable energy (ME) during the experimental period of 210 days. The calves were individually offered weighed quantities of the respective concentrate mixtures at 9h00 daily. The quantity of roughage, offered at 11h00 daily, was adjusted at about 120% of the previous day intake to ensure ad libitum consumption.
All the calves were housed individually in a wellventilated shed having individual feeding and watering arrangements. Clean drinking water was provided to all the calves once each in morning and afternoon. They were dewormed at the start by using broad-spectrum anthelmintics and were vaccinated against prevalent contagious diseases.
Fluoride content was determined by a fluoride selectiveion electrode following procedures described by Tusl for urine and concentrate mixture (Tusl, 1970; 1972) . The F content in wheat straw was determined by the method of Villa (Villa, 1979) .
Urinary excretion of F was monitored at regular intervals to assess the impact of exposure of F through feeds. The animals were kept in the metabolic cages and urine was collected prior to feeding and watering at intervals of approximately six weeks. To minimize bacterial contamination, the mid-stream urine sample of a single voiding was taken. The urine samples were then stored in clean plastic bottles containing 0.2 g of ethylene diamine tetra-acetic acid per 100 mL urine under refrigeration until analysis. The ionic F concentration in urine was estimated by using a fluoride ion specific electrode (Orion-model 290 A) (Tusl, 1970) . resources predisposing the animals to periodic nutrient (protein and/or energy) deficiency. However, there is a dearth of information on the possible existence of such interaction between dietary protein and F in ruminant livestock. Hence, the present study was conducted to investigate the possible role of protein nutrition on the susceptibility as well as protective action against bovine fluorosis by regularly monitoring urinary F excretion, selective blood biochemical components and thyroid hormones in crossbred calves exposed to long-term high dietary F.
Material and Methods
Thirty crossbred male calves (Bos taurus × Bos indicus) aged 6-8 months (avg. 104 kg BW) initially exposed to different planes of protein nutrition for about 100 days were divided into six groups in a 3 × 2 factorial design. The factors included three different levels of proteinnormal (NP; 100%), low (LP; 75%), and high (HP; 125%) as per Kearl (1982) recommendations -and two levels of supplemental fluorine as sodium fluoride (NaF) at 0 (F-) or 200 (F+) mg/kg diet. The calves in the NP group received Blood samples were collected from all animals in each group at the beginning and at regular (~70 days) intervals, from the jugular vein into two tubes, one with and the other without anticoagulant. The anticoagulated blood was used for estimation of hemoglobin (Hb) by Sahli's method and hematocrit by the micro-hematocrit method (Jain, 1986) . The non-anticoagulated blood samples were centrifuged at 3000 rpm for 15 minutes at room temperature to separate the serum. The serum samples were stored at −20 o C until further analysis for glucose, serum proteins, urea, calcium, inorganic phosphorus and alkaline phosphatase (ALP) using commercial kits (Span Diagnostics Pvt. Limited, Surat, India). The thyroid hormones viz. tri-iodo-thyronine (T 3 ) and thyroxine (T 4 ) were also estimated in the serum samples adopting radioimmuno assay technique by using kits supplied by Bhabha Atomic Research Center (Mumbai, India). The ionic F concentration in serum samples was estimated by using F ion specific electrode (Cernik et al., 1970) .
The data generated during the study were analyzed in a 3 × 2 design in order to ascertain the effects of protein, F, and their interaction, and presented as mean±SE in tables. The treatments were the main effects and the individual calf was considered the experimental unit. To test the effects of dietary protein, F, and to ascertain the period effects, the following model was used: Y ijkl = m + α i + β j + αβ ij + C k(ij) + τ l + ατ il + βτ jl + αβτ ijl + ε ijkl , where Y ijkl = the dependant variable; m = overall mean; α i = effect of dietary protein levels; β j = effect of dietary F levels; αβ ij = interaction effect of protein and F levels; τ l = the l-th time measurement (τ l ) taken at the k-th calf; and ε ijkl = residual error. In short, Y ijkl is the l-th time measurement (τ l ) taken at the k-th calf receiving the i-th × j-th combination of treatments α i and β j , respectively. The data was treated as repeated measure design since all the urinary F measurements and blood indices were carried out on similar animals. The means were subjected to test of significance by linear mixed model approach using the Statistical Package for Social Sciences (version 10.0). All statements of significance are based on P<0.05 or P<0.01 unless otherwise indicated.
Results
The CP contents of the diets varied as per the plan envisaged. The CP content in the composite diets was 12.3, 10.1 and 15.1% for NP, LP and HP diets, respectively. The F content in the wheat straw was 17.4 mg/kg. The F content of concentrate mixtures in control and supplements with inclusion of F were 14.5, 17.9 and 15.1 mg/kg, and 294.6, 302.2 and 299.4 mg/kg for NP, LP and HP diets, respectively ( Table 2) .
The initial pre-experimental value of urinary F level ranged from 2.85±0.23 to 3.93±0.66 mg/kg in the animals allotted to different groups (Figure 1) . Following six weeks of exposure, the F+ animals had higher (P<0.01) urinary F (12.11±0.97 vs. 4.67±0.23 mg/kg) level compared with the F-animals, and the same trend continued in subsequent collections. At 24 weeks of exposure, there was a significant (P<0.05) interaction between fluorine and protein levels in the diet with respect to urinary F excretion. The LPF+ animals have higher urinary F as compared with NPF+ animals but were not different from the HPF+ group. Overall, F+ animals excreted higher (P<0.05) F in urine as compared with F-animals.
Regarding the data on blood biochemical profile along with thyroid hormones (Tables 3 and 4) , no effects of dietary influence were evident on the levels of Hb and hematocrit, but period effects (P<0.01) were noticed for hematocrit, showing higher values at 2nd collection than the 1st, 3rd and 4th collections. Likewise, for Hb, lower values (P<0.05) were recorded during the 3rd collection than other time points. Serum concentrations of glucose, total protein, albumin and globulin remained uninfluenced by the dietary treatments. However, period effects were observed for albumin and globulin levels, with higher (P<0.01) albumin levels at the 1st measurement than others, and globulin levels were highest (P<0.01) during the 3rd and 4th measurements. The serum levels of urea showed the effect of F addition having higher (P<0.01) levels in F+ animals than their non-added counterparts. Protein levels imparted no effect but there was an interaction (P<0.05) effect, showing higher levels of urea in LPF+ fed calves as compared with the others. Period effects were also observed, showing higher (P<0.05) levels in 2nd period than 3rd and 4th but not different from the 1st collection. Serum Ca levels were higher (P<0.01) in calves fed without F than groups that received it and highest (P<0.01) levels were obtained during the 1st collection. The serum levels of P were not affected by dietary treatments, but higher (P<0.01) P levels were noticed during the 3rd measurement than others showing period effects. Serum levels of ALP were higher (P<0.01) in F+ animals than their F-counterparts. The mean serum ALP activity was higher (P<0.05) in LPF+ (172.71±9.76 IU/L) than other treatment diets and lowest in LPF-(131.45±14.70 IU/L) calves. Also, ALP activity was higher (P<0.01) at the 1st collection than other collection points, showing the effect of age.
The mean serum levels of F were higher (P<0.01) in F+ animals than in their non-supplemented counterparts. As the duration of F exposure increased, the serum F levels increased in the supplemented groups (Figure 2 ). There was an interaction effect (P<0.05) between protein and F levels, showing higher levels in groups fed F than the ones that did not receive it. The period effects (P<0.01) were also noticed, revealing the highest serum F levels in the 4th collection, followed by the 3rd and 2nd periods and the lowest levels in the 1st collection. The mean serum T 3 levels were lower (P<0.01) in LPF+ animals (1.35±0.08 ng/mL) when compared with others, showing protein and F interaction. Lower (P<0.05) T 3 levels were also obtained in LP fed calves as compared with the NP and HP groups, showing (Table 4) ; however, when protein levels were compared, similar trend was revealed like T 3 of lower (P<0.05) values in LP than NP and HP groups. Period effects were also noticed for both T 3 and T 4 levels, showing highest (P<0.01) levels during the 3rd period.
Discussion
After taking into consideration the total DM intake consisting of concentrate and wheat straw, the average F content of the ration was 16.0, 17.7 and 16.3 mg/kg for NP, LP and HP diets without F; however, it was 193.1, 186.8 and 173.4 mg/kg in NP, LP and HP supplemented with F, respectively. The dietary intake of F was 82.7, 86.0, and 82.6 mg/d and 615.8, 579.8 and 589.1 mg/d for NP, LP, and HP diets without and with F, respectively, which had been previously reported (Lohakare et al., 2010) .
The periodic urinary F excretion pattern depicted that like all halides, F also has the tendency to be excreted through the urine. The urinary F level between 3 and 6 mg/kg is usually considered as normal (Wheeler & Feel, 1983; Underwood, 1977) , which matches the initial values in the present study. The urinary F levels were higher (P<0.01) in F+ animals than in those without F, and the trend continued at all measurements. The observed trend is similar to earlier reports (Yadav et al., 1996; Vashishth et al., 1997 ). The value above 7 mg/kg suggests F toxicity (Suttie, 1980; McDowell, 1992) . No effect of dietary protein was evident on the urinary F excretion, except at 24 weeks, when an interaction (P<0.01) between protein and fluoride levels was evident, and animals on LP diet excreted considerable greater (P<0.01) amount of F when compared with those fed NP. The differences in urinary fluoride in the group fed F rather than similarities in serum fluoride levels in these groups highlighted the differences in metabolism, and are the effect of different protein levels in the diet, a significant finding of this study. The present trend on the impact of dietary protein on urinary F excretion is in agreement with similar reports in rats (Boyde & Cerklewski, 1987) . It was reported that rats fed HP diets absorbed significantly (P<0.01) more F than rats fed LP diets, but the fraction of the absorbed F that was actually retained was reduced (P<0.01) on HP feeding, because the decreased fecal F excretion was accompanied by higher urinary F excretion in HP diets (Boyde & Cerklewski, 1987) . However, in the present research, the HP diet did not appear to provide any protection. Overall, the high dietary protein had no influence on urinary F excretion.
The Hb values fall within the normal range of 8-13 g dL −1
. No variation was observed in blood levels of Hb and hematocrit when different protein levels or F levels were compared. Likewise, researchers have failed to observe any significant changes in Hb because of fluorosis in sheep (Weissova et al., 1998) . However, some other reports have indicated a reduction in Hb level due to fluorosis (Swarup & Singh, 1989; Metwalli et al., 1995; Jagdish et al., 1998) . Similarly, various other researchers have reported reduction in hematocrit in fluorosed animals (Mohiuddin & Reddy, 1989; Metwalli et al., 1995; Jagdish et al., 1998) . Since F ion accumulates in bone tissues (Kassem et al., 1994) , it could conceivably affect the formation of haematopoietic (bloodforming) cells in bone marrow cavities (Machalinski et al., 2000; Bouaziz et al., 2006) . However, it appears that the adverse effects of F on hematological indices are dependent upon the dose of the exposure, and the parameters were apparently not affected with the dose employed in the present experiment. As a matter of fact, it was also suggested that hemograms are highly variable and not valid for the diagnosis of fluoride toxicity (Karram & Ibrahim, 1992) .
The serum urea levels are within the normal range suggested for healthy cattle, but higher (P<0.01) levels were noted in the F+ than the F-animals, similar to previous observations (Kessabi et al., 1983; Metwalli et al., 1995; Chlubek et al., 2003) . However, when compared between different diets irrespective of periods, serum urea exhibited significant (P<0.05) difference among the groups, and the concentration was lower in LP than NP diet, but when F was added, the trend reversed, i.e., the serum urea increased more in LP than NP diets and the reasons remained obscure.
While the dietary protein level did not have any influence on serum Ca and inorganic P levels, lower (P<0.01) values of Ca were observed in F+ animals when compared with their F-counterparts. Fluorine interacts and alters the metabolism of calcium and magnesium (Rich & Ensinck, 1961) . The decrease in serum calcium is related to a decrease of intestinal absorption of calcium by fluorine (Tao et al., 2006) . The present findings are in parallel with those that reported reduction in serum Ca due to F exposure (Kessabi & Ouhsine, 1986; Wang et al., 1992; Chandra, 1997; Tao et al., 2006; Madan et al., 2009 ). In contrast, Hillman et al. (1979) observed elevated levels of serum Ca in hydrofluorotic sheep. Again, some other researchers reported no effect in serum Ca due to F exposure (Wheeler et al., 1985; Vashishth et al., 1998) . Similarly, the present observation on serum inorganic P was in line with earlier findings (Mehrotra & Singh, 1989; Vashishth et al., 1998) although there are reports of the contrary (Wheeler et al., 1988; Wu et al., 1995; Chandra, 1997; Madan et al., 2009 ). The variations, therefore, could be related to the degree and duration of exposure to F.
As was expected, the ALP activity was higher (P<0.01) in the F+ than F-animals, as observed by many researchers with fluorosed animals (Swarup & Singh, 1989; Wu et al., 1995; Tao et al., 2006; Madan et al., 2009) . High ALP values on F+ diets could be attributed to increase in the osteoblastic activity of the bone cells, which is directly correlated with increase in its level in blood. It was suggested that the increased serum ALP following fluorine exposure may reflect a toxicity of fluorine for both osteoblasts (bone forming cells) and resorbing osteocytes (Krook & Ronald, 1998) . Comparing different diets irrespective of periods, there was an interaction (P<0.05) between protein and F levels. Higher (P<0.05) level of ALP was noted in LPF+ fed animals than those under LPF-diets.
The serum levels of F were higher (P<0.01) in the animals receiving the F-added diet than their counterparts, as was expected. The results of the present study were in conformity with previous reports (Suttie & Kolstad, 1977; Wheeler et al., 1985) . Increase in the F levels was noted as the feeding period increased. The F levels of serum showed progressive increase with the duration of F feeding resulting in higher (P<0.01) values towards the end of the experimental period. The rise was sharpest from the first to second period, with the values almost doubling due to incorporation of F. This could be due to failure of the body to activate the homeostatic mechanism when faced with sudden exposure to high levels of dietary F.
The serum levels of T 3 showed interaction (P<0.01) between the protein and F levels; the T 3 levels went down significantly (P<0.01) on LP compared with the two other protein levels when F was added to the diets. It was also evident from data that HP diets, when compared between protein levels, induced greater serum T 3 values than the LP diet, reflecting a positive correlation between protein level and serum T 3 . This showed that thyroid glands might have been activated to produce more T 3 under the influence of the thyroid-stimulating hormone (TSH) because of availability of dietary protein. Comparison among the protein levels showed lower (P<0.05) T 4 values on LP diets compared with NP or HP diets. This further confirmed the trend observed in a study of different protein levels (Lohakare et al., 2006) , indicating a positive correlation of thyroid hormones with dietary protein intake. However, no effect of F on thyroid hormones was noticed in the present study. This was contradictory to the findings of Wheeler & Feel (1983) , who reported a significant fall in T 3 and T 4 levels because of adverse impact of fluorosis on the thyroid glands. It was reported that 250 mg/kg and 400 mg/kg F in diet significantly decrease serum T 4 and FT 4 levels and increase serum TSH, but no significant differences were observed in serum T 3 and FT 3 after 50 days of treatment (Zhan et al., 2006) . Similarly, Hillman et al. (1979) found decreased level of circulating T 3 and T 4 levels in cows with severe lesions of F toxicity, whereas other researchers found non-significant decrease in T 4 values in buffaloes fed F at 60 mg/kg for 90 days (Madan et al., 2009) . From these observations it appears that a decrease in thyroid hormone ensues only in case of severe F toxicity, which perhaps, may not be the case in the present study.
Conclusions
Incorporation of fluorine at 200 mg/kg in the diet of calves is reflected in its urinary excretion as well as serum level. However, inclusion of 200 mg of fluorine/kg of diet for up to 210 days does not change their serum biochemical profile. Furthermore, based on the urinary fluorine excretion pattern and serum fluorine levels, it can be deduced that the adverse effects of fluorine are apparently more severe in calves fed low protein diets.
